Nanoscale ordering in a polymer blend structure is indispensable to obtain materials with tailored properties. It was established here that controlling the arrangement of nanoparticles, with different characteristics, in co-continuous PC/PVDF (polycarbonate/poly(vinylidene fluoride)) blends can result in outstanding microwave absorption (ca. 90%). An excellent reflection loss (R L ) of ca. À71 dB was obtained for a model blend structure wherein the conducting (multiwall carbon nanotubes, MWNTs) and the magnetic inclusions (Fe 3 O 4 ) are localized in PVDF and the dielectric inclusion (barium titanate, BT) is in PC. The MWNTs were modified using polyaniline, which facilitates better charge transport in the blends. Furthermore, by introducing surface active groups on BT nanoparticles and changing the macroscopic processing conditions, the localization of BT nanoparticles can be tailored, otherwise BT nanoparticles would localize in the preferred phase (PVDF). In this study, we have shown that by ordered arrangement of nanoparticles, the incoming EM radiation can be attenuated. For instance, when PANI-MWNTs were localized in PVDF, the shielding was mainly through reflection. Now by localizing the conducting inclusion and the magnetic lossy materials in PVDF and the dielectric materials in PC, an outstanding shielding effectiveness of ca. À37 dB was achieved where shielding was mainly through absorption (ca. 90%). Thus, this study clearly demonstrates that lightweight microwave absorbers can be designed using polymer blends as a tool.
Introduction
Electromagnetic (EM) radiation consists of both electric (E) and magnetic (H) vector components which are oscillating at right angles to each other. The inexhaustible use of electronic and communication devices generates such radiation as an offshoot and leads to a new kind of pollution known as electromagnetic interference (EMI). [1] [2] [3] [4] [5] [6] EMI is undesirable and has emerged as a significant problem in the current era. This eventually leads to malfunction of precise equipment and hence, shielding of emitted radiation has become indispensable. EMI shielding is a route to restrict the flow of electromagnetic fields by unravelling them with a fence through conducting materials. In the past few decades, substantial effort has been made to design lightweight EM shielding materials in these circumstances. [7] [8] [9] [10] [11] EM shielding effectiveness (SE) is dependent on three different parameters, namely reflection (SE R ), absorption (SE A ) and multiple reflection (SE MR ), where multiple reflection can be ignored when SE A is 410 dB or the thickness of the shielding material is more than the skin depth. 9, 12 EM radiation can interact with free charge carriers and shield mostly by reflection.
Otherwise shielding by absorption is prominent when vector components of incident radiation interact with electric or magnetic dipoles of the shielding material. [13] [14] [15] Ferromagnetic or ferroelectric particles can generate such kinds of magnetic or electric dipoles. Generation of eddy currents mainly promotes the absorption loss values which are a result of ohmic losses and leads to heating of the material. [16] [17] [18] [19] [20] [21] Metals are of prime interest as shielding materials owing to their high electrical conductivity. However, such types of material have some inconveniences like cumbersome processing conditions, low flexibility, high weight and being prone to corrosion. Whereas, highly flexible, corrosion resistant, lightweight polymer based composites have now gained high research enthusiasm as alternative shielding materials. [22] [23] [24] [25] [26] [27] In this context, high amounts of conducting fillers are being added to insulating polymers to attain high electrical conductivity however, at the cost of deteriorated mechanical properties. High aspect ratios and ability to form continuous network arrangement at very low loadings by carbon nanotubes (CNTs) have led to an innovative change in this area. But the effective aspect ratio is reduced due to the agglomeration of CNTs because of strong van-der Walls' interaction between the nanotubes. This reduction also influences the conductivity values. There are ample literature reports, which address this issue in detail. [28] [29] [30] [31] Generally it is believed that the electrical conductivity of CNTs depends on p-conjugation. 32 Alternatively, the bulk electrical conductivity can be enhanced by preferential localization of the conducting particles in the preferred phase of an immiscible co-continuous blend. Inherently conducting polymer based composites have also received superior attention due to their high conductivity and permittivity values. [33] [34] [35] [36] [37] [38] [39] [40] But their commercial utility is restricted due to their poor mechanical properties and poor processing abilities. In light of the existing literature and the associated drawbacks of the existing conventional materials for shielding, we employed co-continuous PC/PVDF blends as a model system to prepare a series of blend nanocomposites for EM shielding. The preferential localization of conducting nanoparticles in the specified phase, AC electrical conductivity is significantly enhanced. Under this framework, the effective concentration of the conducting particles increases, thereby facilitating more interconnections. The key requirements of a microwave absorber are high electrical conductivity and large dielectric and magnetic loss. Hence, in situ PANI wrapped MWNT has been synthesized to render high electrical conductivity in the blends. The latter requisite i.e. high dielectric and magnetic loss is targeted by two nanoscopic particles like Fe 3 O 4 and barium titanate (BT) in combination with PANI wrapped MWNT. In view of its high polarity, MWNTs prefer to localize in PVDF and hence, ferromagnetic Fe 3 O 4 nanoscopic particles were added along with MWNTs during the in situ synthesis of PANI to yield hybrid PANI-MWNT-Fe 3 O 4 particles. The dielectric loss was targeted using BT in the lazy phase of the blend (PC here). There are ample literature reports present where polymer blends were used as microwave absorbers designed only by using one phase of the blend where particles are dispersed, with the other phase being lazy. 16, 17, 29, 31, 32 Here we apply the compartmentalized approach to a high efficient microwave absorber designed by using both phases of an immiscible 60/40 PC/PVDF substrate.
Experimental section

Materials
Poly(vinylidene fluoride) (KYNAR-761) (molecular weight 440 000 g mol À1 ) was procured from Arkema. Polycarbonate (Lexan-143R) was obtained from Sabic, with a MFI of 10. BaTiO 3 (100 nm particle size), Fe 3 O 4 (50-100 nm diameter), 3-aminopropyltriethoxysilane (APTS), 4-dodecylbenzenesulfonic acid (DBSA), aniline, ammonium persulfate (APS), H 2 O 2 (28-32% in water), toluene and N,N 0 -dicyclohexylcarbodiimide (DCC) were acquired from Sigma-Aldrich. Ethanol, N,N-dimethylformamide, tetrahydrofuran, and chloroform were purchased from commercial sources. Pristine MWNTs were obtained from Nanocyl SA (Belgium).
Synthesis of PANI wrapped MWNT composites
PANI wrapped MWNT (PANI-MWNT) composites were prepared by in situ emulsion polymerization of aniline. 18 Typically, 0.2 mole of dopant (DBSA) was homogenized with 500 ml of distilled water. MWNTs were added into the homogenized mixture and bath sonicated for 30 min. Subsequently, 0.1 mole of aniline was added into the mixture and again bath sonicated for 15 min at 0 1C temperature. Then the mixture was stirred using a magnetic stirrer for 30 min to form aniline-DBSA micelles along with MWNTs by keeping the temperature at 0 1C. In a separate beaker 0.1 mole of initiator ammonium peroxydisulfate (APS) was dissolved in 100 ml of water and cooled to 0 1C. After the formation of micelles, APS solution was added to the micelle solution dropwise with continuous stirring throughout the course of the reaction which was typically 8 h. After that a sufficient amount of ethanol was added to stop the reaction and stirring was continued for another 2 h. Finally, the reaction mixture was centrifuged and dried under vacuum at 80 1C (Scheme 1).
Synthesis of PANI-MWNT-Fe 3 O 4 composites
The PANI-MWNT-Fe 3 O 4 composite was also synthesized by emulsion polymerization of aniline as discussed above except for the fact that the MWNTs were sonicated along with Fe 3 O 4 in the homogenised DBSA solution (Scheme 2).
Synthesis of BT-NH 2 nanoparticles
A two-step procedure is followed for the synthesis of amine terminated BT nanoparticles. By starting with the dispersion of BT particles in H 2 O 2 by bath sonication, the dispersed solution was refluxed for 4 h at 105 1C followed by vacuum drying. Later hydroxylated BT nanoparticles can undergo refluxing again in the presence of APTS at 80 1C for 24 h. Centrifugation of the obtained mixture followed by washing with toluene (4 times) for removing the excess APTS and finally the solvent was evaporated under vacuum drying to yield NH 2 terminated BT nanoparticles.
Synthesis of PC-BT-NH 2 composites
Amine terminated BT nanoparticles, as prepared in the previous step, can react with the ester groups of PC by via nucleophilic substitution, resulting in a BT terminated PC chain. 41 Typically PC was dissolved in DMF and the amine terminated BT nanoparticles were dispersed in the solution and the resultant solution was bath sonicated for 30 min. After 24 h of refluxing at 150 1C the resultant reaction mixture was poured onto a Teflon sheet and vacuum dried at 80 1C (Scheme 3).
Blend preparation
PC/PVDF (40/60, wt/wt) blends were processed at 260 1C and at 60 rpm rotational speed using a melt compounder under (Haake minilab-II). All the blending was done under a N 2 atmosphere for 20 min. The above-mentioned nanoparticles were added directly to the constituent polymers. In order to precise localization of nanoparticles in a given phase, we made a few compositions where we used the previously prepared BT terminated PC composites and directly mixed with PVDF. This will eventually lead to localization of the PANI-MWNT-Fe 3 O 4 in the PVDF phase and BT in the PC phase.
Characterization
A Tecnai G2F30 at 300 kV was used to acquire Transmission Electron Microscopy (TEM) images on various nanoparticles. A scanning electron microscope (SEM, ULTRA 55) with an accelerating voltage of 10 kV was used to assess the morphology of various blends. EDS (energy dispersive X-ray spectroscopy) was performed with an accelerating voltage of 15 kV. X-ray diffraction was done using a XPERT Pro from PANalytical. A Cu Ka radiation source (l = 1.5406 Å, 40 kV and 30 mA) was used to determine the XRD pattern of the samples. A Lakeshore Vibratory Sample Magnetometer (VSM) was used to determine the magnetic properties of the samples with an applied force of 8000 to 8000 Oe at room temperature. An Alpha-N Analyser, Novocontrol (Germany) was used to acquire AC electrical conductivity of various blends in the range of 0.1 Hz to 10 MHz frequency. All measurements were performed at room temperature. The disk samples were made by compression molding at 260 1C temperature and uniformly polished prior to measuring the AC electrical conductivity. Melting and crystallization of polymer blends were measured on a TA instruments Q200 differential scanning calorimeter. Thermal analysis was done on an STA 409 PC Luxx s at 10 1C min À1 .
The apparent zeta potential was measured on a Malvern Zetasizer using water as the solvent. EM shielding interference was studied by an Anritsu MS4642A vector network analyzer (VNA). A Damaskos MT-07 was used as a toroidal sample holder and was connected with VNA for measurements. Prior to experiment the full setup was calibrated by full SOLT. Generally we used 5 mm thick toroidal samples which were prepared by compression molding at 260 1C. S parameters (S 11 , S 12 , S 22 and S 21 ) were measured in the X and Ku-band of frequency for all the measurements. The total shielding effectiveness and the R L are measured in dB.
Results and discussion
Synthesis and characterization
The in situ synthesis of PANI-MWNTs and PANI-MWNT-Fe 3 O 4 is illustrated in Schemes 1 and 2. The TEM micrographs of PANI-MWNTs and PANI-MWNT-Fe 3 O 4 are depicted in Fig. 1a and b. A layer of PANI on the surface of MWNTs and Fe 3 O 4 as indicated is clearly observed in TEM images. Furthermore, successful synthesis of APTS coated BT nanoparticles described in Scheme 3 was also assessed by TEM ( Fig. 1c and d) . Using an X-ray diffractometer the phase identification was evaluated for PANI-MWNTs and PANI-MWNT- , M R is 4 emu g À1 and H C is 131 Oe. We have also performed dispersion tests of various nanoparticles in different solvents to analyse the interaction between the surface modified nanoparticles and solvents. It is observed that the particles quickly settle in both aqueous and organic media due to poor interaction with the solvent whereas PANI-MWNT-Fe 3 O 4 remains suspended for a longer time scale after a brief sonication (Fig. 1h ). In the case of chloroform, similar observations were noted which clearly indicates that in situ polymerization with PANI, enhances the interaction with solvents resulting in well dispersed particles for longer time scales.
Blend morphology and selective localization of nanoparticles
Monitoring the phase morphology during blending is the deciding factor of the final properties of the blend. A co-continuous morphology is observed here in the case of control 40/60 PC/PVDF and blends with different nanofillers (Fig. 2a-e) . In our previous study 41 we showed that MWNTs are selectively localized in the PVDF phase due to its polar nature. The high resolution SEM images suggest the presence of MWNTs in the PVDF phase of View Article Online the blends (Fig. 2f-h ). This is further confirmed by selective dissolution experiments ( Fig. 2i and j) . Generally, BT nanoparticles also have a tendency to selectively localize in the PVDF phase which was clearly demonstrated in our previous work. 41 So, by tailoring the surface chemistry of BT it can be restricted in the PC phase via nucleophilic substitution reaction. SEM images showed that by controlling the dispersion doesn't affect the overall co-continuous phase morphology in the blends. Furthermore, localization of BT and Fe 3 O 4 nanoparticles in different phases is confirmed by the selective dissolution test and EDS analysis ( Fig. 2k-m) . From the selective dissolution test, where we selectively etched the PC phase by chloroform, it is observed that the obtained solution is turbid indicating the presence of BT in the PC phase due to nucleophilic substitution reaction between PC and BT. Fig. 2m illustrates the EDS spectra of the blend without etching the phases which confirms the presence of both BT and Fe 3 O 4 nanoparticles whereas, Fig. 2j clearly supports the fact that Fe 3 O 4 nanoparticles are present only in the PVDF phase. In Fig. 2m (ii), the green color corresponds to the Fe 3 O 4 nanoparticles in the PVDF phase whereas, the red color in Fig. 2m (iii) corresponds to the BT nanoparticles in the PC phase. The selective localization of particles is well observed from the crystallization and melting temperature of the blend. Fig. 2n and o depict the crystallization temperature of neat PC/PVDF blends and the crystallization temperature of the PVDF phase was observed to be ca. 132 1C. The crystallization temperature of the blends was significantly enhanced in the presence of PANI-MWNT-Fe 3 O 4 . This clearly indicates the preferential localization of these nanoparticles in the PVDF phase. Interestingly, the crystallization temperature of the PVDF phase was unaltered when the BT particles restricted in the PC phase. Similar observations were also obtained from the melting temperature. After incorporation of PANI-MWNT-Fe 3 O 4 nanoparticles the melting temperature of PVDF increased by 8 1C; however, when the BT nanoparticles were localized in the PC phase, the melting temperature almost remained unaltered. Thermal stability of the different blends was examined by TGA analysis. Fig. 2p shows the TGA curves. The neat PC/PVDF blend was thermally stable until 370 1C. However, it is very interesting to note that the nanoparticles enhanced the thermal stability by ca. 30 1C.
The zeta potential for the various nanoparticles was measured and the results are shown in Fig. 2q(i and ii) . The apparent zeta potential for BT in water is À1.12 mV and for PANI-MWNTFe 3 O 4 is À18.6 mV. This signifies that the BT nanoparticles coagulates in water whereas, PANI-MWNT-Fe 3 O 4 has incipient instability in water.
Interconnected network like structure of MWNT
Continuity of the conducting network is the prime requisite for carrying mobile charge in any system. In blends, electrical conductivity can be tailored depending on the aspect ratio, amount, surface treatment, and distribution of the conducting fillers, which play an essential role in attaining the percolation threshold. [42] [43] [44] Selectively dispersed MWNTs in the PVDF phase
show an increasing order of electrical conductivity with increasing concentration of MWNTs from 1-3 wt% where the percolation threshold is between 0-1 wt%. The increasing concentration of MWNTs allows the formation of a 3-D conducting network, which further promotes the charge transport properties of the blends. After inclusion of PANI-MWNTs in the blend, the bulk conductivity increased by 2 orders of magnitude. However, on adding PANI-MWNT-Fe 3 O 4 the AC electrical conductivity decreased due to the direct contact of Fe 3 O 4 nanoparticles with the MWNTs which eventually impedes the flow of electrons. Interestingly, the dielectric permittivity increases after addition of PANI-MWNTs and PANI-MWNT-Fe 3 O 4 in the blends due to the mismatching impedance of the entities. In our previous study, 41 we showed that PVDF is the more favoured phase for selective localization of BT nanoparticles. We also demonstrated that such localization can affect the bulk electrical conductivity in the blends. Here by adopting a compartmentalized approach, we restrict the BT particles in the PC phase by nucleophilic substitution reaction so that the formation of the conducting network inside the PVDF phase is unaltered. However, the dielectric permittivity of the blends increased significantly due to the higher dielectric permittivity of the BT nanoparticles (Fig. 3c ).
Attenuation of EM radiation through a compartmentalized approach
Controlled microstructural heterogeneities in the composites are the key requisites for absorption of microwave radiation on the macroscale. So, the incident EM waves interact with the microscopic boundaries in the composites resulting in attenuation of the waves.
45,46
As we discussed earlier the total EM shield effectiveness (SE T ) is the combination of shielding by absorption (SE A ); by reflection (SE R ) and by multiple reflection (SE MR ). 47, 48 But due to the increasing absorption of reflected waves from the internal surface, the multiple reflections can be ignored when the shield thickness is greater than the skin depth. In this context SE T can be expressed as,
From the vector network analyzer (VNA), the SE T can be estimated by the following relation through scattering parameters where the scattering parameters are the representatives of reflected, absorbed and transmitted power.
SE T ðdBÞ ¼ 10 log 1 where S 12 is a reverse transmission coefficient whereas S 21 is a forward transmission coefficient. With the help of these coefficients we can express the total reflection and absorption by the following equations, SE R = 10 log 10 (1/(1 À S 11 2 )) (3) SE A = 10 log 10 ((1 À S 11 2 )/S 12 2 )
where S 11 is a forward reflection coefficient. Another important parameter, the intensity of penetration, i.e. skin depth (d), can be explained by the following equation,
where f is the frequency in Hz, permittivity is represented by m and the conductivity of the blend is s. The skin depth is also related to shielding by absorption as
where t is the sample thickness measured in mm. All scattering parameters were measured here in the frequency region; X and Ku-band frequencies.
From the EMI theory it is well understood that in order to attenuate EM radiation, materials should have sufficient electrical conductivity. In the case of polymer nanocomposites, the connectivity of the conducting nanoparticles is essential for achieving bulk electrical conductivity. A SE T is À10 dB observed at 18 GHz frequency was obtained for the PC/PVDF blend with 1 wt% MWNT (Fig. 4a) while the neat PC/PVDF blend is transparent to EM radiation. Furthermore, it is observed that SE T is increased with increasing concentration of MWNTs. In the case of MWNT filled blends, the dielectric losses are higher and the attenuation is due to wave reflection rather than absorption. So, concentration dependent SE T is observed beyond the percolation threshold (Fig. 4a) . The shielding mechanism is dominated by reflection when MWNTs alone are considered due to their lower dielectric loss and poor magnetic properties. But heterogeneous inclusion can change the shielding mechanism from reflection to absorption by introducing high dielectric or high magnetic loss parameters which are represented by complex (relative) permittivity (e r ) and complex (relative) permeability (m r ), respectively. [49] [50] [51] Generally, when an EM wave interacts with such heterogeneous fields, the resulting local field variation can have a strong effect on the energy of absorption. Now theoretically, shielding by absorption or reflection can be varied by these equations: SE A ¼ 8:68t ffiffiffiffiffiffiffiffiffiffi ffi pf sm p and SE R = 39.5 + 10 log(s/2pfm), whereas m = m 0 m r and s = 2pfe 0 e 00 . So, enhanced absorption is observed with higher values of m r and e r where m r = m 0 À jm 00 and e r = e 0 À je 00 .
In situ polymerized PANI-MWNTs increase the total shielding effectiveness (Fig. 4b) due to their higher conductivity and higher complex relative permittivity values than pristine MWNTs. The accumulation of charge at the interface leads to interfacial polarization. As e r is a measure of polarizability in the material, PANI-MWNTs possess higher complex permittivity than only MWNTs. 52 The increase in complex relative permittivity presumably increased the shielding by absorption (Fig. 4c-f ) as absorption depends primarily on the product of e and m. By introducing PANI-MWNT-Fe 3 O 4 in the blends both the complex relative permeability and permittivity increased significantly resulting in more effective shielding by absorption. [53] [54] [55] [56] Further, from EM theory it is well observed that enhanced dielectric and magnetic tangent losses also improve the EM absorption properties. So, for better comparison of the EM absorption properties of various blends we calculated the consolidated loss tangent values of various blends with frequency variation. Fig. 4g 
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where constants a and b are determined by the material composition, the magneto restriction constant is l, the elastic strain parameter of the crystal is x and K is the proportionality coefficient. So, increasing the permeability results in higher total shielding by absorption. Interestingly, the relative complex permittivity enhanced significantly in the presence of BT nanoparticles in the blends. As discussed earlier employing a compartmentalized approach wherein BT nanoparticles are preferentially localized in the PC phase and PANI-MWNT-Fe 3 O 4 in the PVDF phase resulted in a synergistic enhancement in both m r and e r . This ultimately resulted in a high SE T of ca. À37 dB at 18 GHz, which indicates ca. 92% shielding by absorption. This clearly demonstrates that adopting such a compartmentalized approach can result in effective shielding by absorption (Table 1) .
Further R L also can be calculated by the line theory. In general the reflection loss parameters also directly related to the complex relative parameters by this equation,
where the sample thickness is represented by t and the velocity of light is represented by c. In the case of R L as a function of frequency, the depth is responsible for absorption of EM radiation or minimal reflection. Fig. 5a represents the R L of various blends. Multiple dips are observed in the case of all the blends in the entire frequency range. These are representatives of maximum absorption at respective frequencies. Polarization or multiple reflections are the source of reflection loss when only MWNTs are considered and the minimum R L is ca. À33 dB at 12 GHz frequency. Higher dielectric relaxation loss is due to the virtual charge accumulation in the interfacial region in heterogeneous dielectrics which also increases the complex permittivity and leads to higher reflection loss in the case of PANI-MWNT filled blends. The minimum R L is ca. À40 dB at a 16 GHz frequency. PANI-MWNT-Fe 3 O 4 containing blends exhibited excellent R L due to the involvement of very high magnetic lossy materials. Interestingly, by adopting the compartmentalized approach the contribution from both dielectric and magnetic lossy nanoparticles exhibited an outstanding minimum R L of ca. À71 dB at 12.9 GHz frequency. Fig. 5a begins to suggest that the complex relative permittivity and permeability of the blends can be tuned to tailor the shielding efficiency. 58, 59 The effect of higher permeability is evident in the lower frequency region whereas the effect of higher permittivity is observed in the higher frequency region (Fig. 5a) . Furthermore, the shield thickness has a significant effect on the EM attenuation. Hence, the reflection loss was measured for varying shield thickness and is depicted in Fig. 5b . It is observed that frequencies corresponding to the minimum reflection loss shift from higher to lower with increasing specimen thickness, which is concomitant with quarter-wavelength attenuation. 53, [60] [61] [62] Fig. 5c illustrates the shielding mechanism of the blends by absorption wherein PANI-MWNT-Fe 3 O 4 is in the PVDF phase and the BT nanoparticles are in the PC phase. The SE T is also observed to scale with increasing sample thickness 63 ( Fig. 6a and Table 2 ). This result clearly indicates that increasing the shield thickness eventually formed a more continuous conductive or magnetic network, which enhanced the overall shielding. Additionally, the increasing sample thickness also enhances multiple reflection inside the sample. Interestingly, the skin depth of the sample can also be tailored by addition of various filler particles. The addition of magnetic or dielectric lossy particles drastically decreases the overall skin depth of the blend (Fig. 6b) . These results clearly suggest that a combination of conducting, dielectric and magnetic particles can block the incoming EM radiation efficiently and more importantly in thinner shields. This is very important in the context of designing lightweight and flexible shields.
Conclusions
In this work, we have clearly demonstrated that adopting a compartmentalized approach, wherein nanoscopic particles with different characteristics are localized in different phases of an immiscible polymer blend, can yield outstanding microwave absorption. This was designed using a co-continuous PC/PVDF blend wherein PANI modified MWNTs and Fe 3 O 4 were selectively localized in PVDF, and the BT nanoparticles were surface modified to restrict in PC via nucleophilic substitution reaction. This approach manifested in an excellent R L of ca. À71 dB at 12.9 GHz frequency. It is now understood that the in situ PANI-MWNT not only enhances the charge transport efficiency in the blend but also increases the shielding by absorption. In addition, by this approach ca. 90% of the EM radiation can be blocked by absorption through a synergistic combination of high relative permittivity (from BT and PANI-MWNT-Fe 3 O 4 ), high relative permeability (PANI-MWNT-Fe 3 O 4 ) and high conductivity. Hence, this approach clearly demonstrates that ordered arrangement of nanoparticles in the blends can be used to design an efficient microwave absorber. 
